Wolf Predation: Where and How Wolves Kill Beavers, and Confronting the Biases in Scat-Based Diet Studies by Gable, Thomas
Northern Michigan University
NMU Commons
All NMU Master's Theses Student Works
12-2016
Wolf Predation: Where and How Wolves Kill
Beavers, and Confronting the Biases in Scat-Based
Diet Studies
Thomas Gable
Northern Michigan University, thomasd.gable@gmail.com
Follow this and additional works at: https://commons.nmu.edu/theses
Part of the Zoology Commons
This Open Access is brought to you for free and open access by the Student Works at NMU Commons. It has been accepted for inclusion in All NMU
Master's Theses by an authorized administrator of NMU Commons. For more information, please contact kmcdonou@nmu.edu,bsarjean@nmu.edu.
Recommended Citation
Gable, Thomas, "Wolf Predation: Where and How Wolves Kill Beavers, and Confronting the Biases in Scat-Based Diet Studies"





WOLF PREDATION: WHERE AND HOW WOLVES KILL BEAVERS, AND 




















Submitted to  
Northern Michigan University  
In partial fulfillment of the requirements  
For the degree of 
 
 
MASTER OF SCIENCE 
 
 

















Wolf Predation: Where and How Wolves Kill Beavers, and Confronting the Biases in 





This thesis by Thomas D. Gable is recommended for approval by the student’s Thesis 
Committee and Department Head in the Department of  






























Dr. Robert J. Winn Date 




WOLF PREDATION: WHERE AND HOW WOLVES KILL BEAVERS, AND 
CONFRONTING THE BIASES IN SCAT-BASED DIET STUDIES  
By 
 
Thomas D. Gable 
 
	 Beavers can be a significant prey item for wolves in boreal systems but how 
wolves hunt beavers is largely unknown. I inferred how wolves hunt beavers by 
identifying 22 kill sites using clusters of locations from GPS-collared wolves in 
Voyageurs National Park, Minnesota. Where wolves killed beavers varied seasonally 
with the majority (58%) of kills in the spring occurring below dams and on shorelines 
while the majority (80%) of kills in the fall were near feeding trails and canals. I deduced 
that the typical hunting strategy has 3 components: 1) waiting near areas of high beaver 
use until a beaver comes near or on shore, 2) using concealment, and 3) immediately 
attacking the beaver, or ambushing the beaver by cutting off access to water.  
 Wolf diet is commonly estimated via scat analysis, and several studies have 
concluded that scat collection method can bias diet estimates. I tested whether different 
scat collection methods yield different diet estimates after accounting for other biases. I 
collected scats (2,406 scats) monthly from 4 packs via 3 scat collection methods in the 
Voyageurs National Park, Minnesota area, during April 2015–October 2015. Scat 
collection method did not yield different diet estimates but I did document temporal, 
inter-pack, and age class variability in diet estimates. To better estimate wolf population 
diets, researchers should collect ≥10–20 adult scats/pack/month from homesites and/or 
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 Wolves (Canis lupus) primarily prey upon large ungulate species [1]. However, 
they are opportunistic hunters and use alternative prey species seasonally when they are 
abundant, vulnerable, and easy to capture [2–5]. Wolves and beavers co-occur throughout 
the boreal ecosystem, and wolves can be significant predators of beavers [6,7]. During 
winter, beavers are usually in their lodges or foraging below the ice and thus are seldom 
available to wolves [8]. From ice-out in spring through freeze up in late fall beavers must 
forage on land to increase fat reserves and to re-supply food caches to survive the 
upcoming winter [9,10]. Consequently, wolf predation of beavers is highest during this 
period of vulnerability, and beavers can be important prey for wolves [11–13]. Indeed, 
wolves have used beaver as a secondary or tertiary prey item in many areas [2,14–17]. In 
some systems under certain conditions, such as high beaver densities or low ungulate 
densities, beavers can actually be the primary summer prey of wolves [6,13,18]. 
 Despite this, little is known about wolf-beaver interactions in systems where the 
species co-occur. In particular, the manner in which wolves hunt, attack, and capture 
beavers is unknown.  In a comprehensive review of wolf hunting behavior, Mech et al. 
[19:146] concluded that there were “no actual descriptions of wolves hunting beavers”. 
The lack of observations is not surprising as riparian vegetation is often dense around 
active beaver habitats during the ice-free season, and in winter beavers spend most of 
their time below the ice where they are safe. Thus other methods must be used to 
understand how wolves hunt beavers. 
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A common method to understand wolf predation on ungulates is to document kill 
sites by searching areas where there were clusters of locations from GPS-collared wolves 
[20–22]. However, finding kill sites of small prey species is difficult because wolves can 
consume the entire carcass in a short period [23–25]. Nonetheless, some studies have 
successfully documented beaver kill sites at clusters [20, 21, 25, 26]. Thus, I sought to 
infer wolf hunting behavior from beaver kill sites to understand how and where wolves 
hunt beavers. 




Voyageurs National Park (VNP) is located in northern Minnesota (USA) along 
the Ontario (Canada) border (48°30' N, 93°00' W). Voyageurs National Park is an 882 km2 
landscape dominated by forests and lakes, with nearly 50% of the park comprised of 
aquatic habitat types [27]. Four large lakes cover 342 km2 (39%) of the park, and 26 
smaller lakes are scattered throughout the landmasses of the park. Beaver impoundments 
are abundant throughout the park as the park has sustained high beaver densities for over 
40 yr [28,29]. Voyageurs National Park is in the Laurentian Mixed Forest Province, 
which is a transition zone between the southern boreal forest and northern hardwood 
forest [30]. As a result, the park is a mosaic of deciduous and coniferous forests. Lakes 
freeze during late October to mid-November with ice-out occurring during late April to 
early May [31].  
White-tailed deer (Odocoileus virginianus) are common in VNP while moose 
(Alces americanus) are relatively rare [32]. Wolf densities in the area are high (4–6 
wolves/100 km2), and the average home-range size in 2015 was 115.8 km2 (VNP, 
	 	 	3	
unpublished data). Hunting and trapping are not allowed in the park. Recreational 
trapping of beavers outside the park is common. Wolf hunting and trapping are illegal in 
Minnesota at present but are legal in Ontario.  
Wolf Capture and Collaring 
I captured wolves from 4 packs during 2012–2015 using #7 EZ Grip foothold 
traps (Livestock Protection Company, Alpine, Texas). Wolves were immobilized with 10 
mg/kg ketamine and 2 mg/kg xylazine using a syringe pole. Once immobilized, I fitted 
wolves with global positioning system (GPS) telemetry collars (Lotek IridiumTrackM 1D 
or 2D, Lotek Wireless Inc, Newmarket, Ontario, Canada; Vectronic Vertex Survey, 
Vectronic Aerospace, Berlin, Germany). Morphological measurements, tissue samples, 
and blood were collected. Sex and age were also recorded. I reversed wolves with 0.15 
mg/kg of yohimbine and monitored through recovery. GPS-collar fix intervals were set to 
20 minutes, 4 hours, 6 hours or 12 hours, depending on the collar type, where the pack 
was located, and whether there was > 1 collar in the pack at that time.  Locations were 
uploaded (12 locations/upload) every 4 hours to 6 days depending on the fix interval. All 
capture and handling of wolves was approved by the National Park Service’s Institutional 
Animal Care and Use Committee and conducted in accordance with American Society of 
Mammalogists Guidelines for use and handling of wildlife mammals for research [33]. 
Clusters and Identifying Kill Sites 
From April 2015 to November 2015 I examined localized clusters of wolf activity 
to document kill sites. Potential kill sites were determined by identifying clusters of 
locations from GPS-collared wolves using ArcGIS 10.2  [34]. Clusters were defined as 
consecutive locations within a 200 m area for ≥ 4 hours [35]. I examined clusters 1–28 
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days (! = 10 days) after the wolf or wolves were present. Once at clusters I 
systematically searched for prey remains. When kill sites were found, prey remains were 
collected, the location of the kill was recorded, and photographs were taken to document 
the site. I recorded all wolf and beaver sign at kill sites as well as evidence of a struggle 
such as drag marks, depressed vegetation, and blood trails. I estimated carcass utilization 
to the nearest 5%, with 99% representing the greatest carcass utilization still detectable. I 
estimated the distance of the kill site to the nearest body of water (lake, pond, river, or 
stream) by examining May 2015 aerial imagery in Google Earth Pro 7.1.4 [36]. 
Collared wolves were assumed to be alone at kill sites if: 1) all beaver remains 
found were at the site or at GPS locations, and 2) there was only 1 wolf bed at the site, or 
all wolf beds at the site were associated with GPS locations [25]. I determined the 
minimum time a collared wolf was at a kill site based on the time between the first and 
last location at the site. Maximum time spent at a kill site was determined by taking into 
account the fix interval prior to and after the first and last locations respectively (e.g., if 
minimum time spent was 8 hr and the fix interval was 4 hr, then the maximum time spent 
at the kill site was 16 hr). Due to the large fix intervals, these numbers provide the range 
of time wolves spent at kill sites. Thus I calculated the estimated time spent at kill sites as 
the means of the minimum and maximum times spent at kill sites.  
Results 
I documented 22 beaver kill sites from 2 April 2015 to 5 November 2015. Of 
those, 12 were in spring (2 April 2 – 29 May) and 10 in fall (20 September – 4 
November). I found 4 kill sites from GPS collars with 20-min fix intervals, 7 from GPS 
collars with 4-hr fix intervals, 9 from GPS collars with 6-hr fix intervals, 1 from GPS 
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collars with 12-hr fix intervals, and 1 kill site was found opportunistically. I concluded 
that collared wolves were alone at 16 (73%) kill sites, with other wolves at 4 (18%) sites, 
and are uncertain about the remaining 2 sites. 
Kill sites were typified by a disturbed area with beaver remains such as fur, 
stomach contents, bone fragments, castor glands, skull remnants, or any combination of 
those present (Fig 1.1). Generally, beaver kill sites were difficult to detect as mean 
carcass utilization was 98% (range: 85–100%). I was able to recover the lower mandible, 
skull, or teeth at 7 (32%) kill sites. At most of kill sites, all remains were located where 
the beaver appeared to have been killed. However, at some sites remains (often the skull) 
were found up to 180 m away. The mean minimum time wolves spent at kill sites was 
10.6 ± 8.0 hr (range: 4.0–30.0), the mean estimated time spent, 15.4 ± 9.2 hr (range: 5.7–
36.0), and the mean maximum time spent, 20.2 ± 11.1 hr (range: 6.0–48.0).    
Kill sites ranged from 1 to 222 m from water (! = 24.5 ± 48.5 m) from water, and 
all but 2 sites were < 27 m from water. With the 2 farthest distances (99 m and 222 m) 
excluded, the mean distance from water was 10.9 ± 7.5 m. Based on physical evidence, 
wolves appeared to have attacked beavers in the water and pulled them out at 6 (27%) kill 
sites.  
 I classified kill sites into 8 categories based on the location of the kill site and my 
interpretation of how wolves killed the beaver. I documented seasonal variation in kill 
site type and frequency. Kill sites below the dam and on shore composed 50% of all 
spring kill sites, whereas kill sites near feeding trails and feeding canals composed 80% 
of all fall kill sites. Descriptions individual kill sites can be found in Appendix A. 
At Dams 
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I identified 1 kill site where a wolf killed a kit beaver while on a small point 5 m 
from a small beaver dam. The matted vegetation suggested the wolf pulled the kit out of 
the water while on the end of the point, but it is possible that the wolf was in the water 
when it attacked the beaver (Fig 1.1).  
 At Lodges 
In spring, water levels in VNP can be > 1 m lower than during the previous fall. 
As a result many shoreline beaver lodges are left completely out of the water in spring 
until water levels increase [37]. Thus, beavers must travel over land (up to 100 m) 
exposed to predators to reach open water. I documented 1 kill site that occurred 10 m 
from a lodge that had no open water nearby. I postulate that the wolf waited outside the 
lodge until a beaver exited the lodge heading for open water. Based on trampled 
vegetation and drag marks, it appears that the wolf caught the beaver immediately once 
the beaver left the lodge (drag marks started 1 m from lodge). The wolf then dragged the 
beaver 10 m behind the lodge where the wolf ate the beaver. 
Below Dams 
I identified 4 kill sites below beaver dams. In 2 instances beavers were in the 
small channels below the dam when, based on the matted vegetation, they appeared to 
have been attacked in the water, pulled out, and killed nearby. The kill sites were 28 and 
33 m downstream from the dams. In the other 2 instances, the beavers were on land when 





I documented 2 kill sites where a wolf or wolves appeared to have attacked and 
pulled beavers out of feeding canals. In both instances, the feeding canals were at least 1 
m deep and 1 m wide, and there was trampled vegetation leading from the canals to the 
kill sites. The beavers were consumed < 5 m from the feeding canals.  
Feeding Trails 
I documented 8 kills that occurred on or near feeding trails. With the exception of 
1 kill site that was 99 m from water, kill sites on feeding trails were 5.1–23.1 m from 
water (! = 13.3 ± 5.9 m). 
Near Shores 
I documented 3 kill sites near or on the shoreline of a lake or river. These kill sites 
were not near any feeding trails, and there was no evidence of fresh cuttings nearby. All 3 
sites were < 200 m from active lodges so the beavers killed at these sites probably were 
not dispersing. The collar locations at the sites did not help clarify what occurred due to 
the relatively long (4–6 hr) fix intervals.  
Small Waterways 
I identified 2 kill sites where, based on matted vegetation and drag marks, wolves 
appeared to have attacked and pulled beavers out of small waterways. Beavers used these 
waterways to travel between bodies of water and both sites were >200 m from the nearest 
known lodge. Although kill sites along small waterways are similar to kill sites at feeding 
canals, they differ in that beavers traveling in feeding canals are moving from water to 
land to forage whereas in small waterways beavers are traveling between bodies of water.  
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Forest Interior 
I documented 1 instance of a wolf killing a beaver in a dense aspen stand 222 m 
from the nearest body of water. I found no evidence of fresh cuttings or beaver activity 
near the kill site. Thus, I assumed that this was a dispersing beaver traveling through the 
woods to reach a body of water when a wolf either opportunistically encountered and 
killed it, or scent-tracked it from the water. 
Discussion 
Fifty years ago, Mech [38:152] stated, “the manner in which wolves hunt beavers 
is unknown”. Since then thousands of hours of wolf observations have occurred across 
the world, and still no observations of a wolf hunting a beaver exist [19]. Although there 
are limitations when inferring hunting behavior from kill sites, I think that the 
combination of physical evidence at kill sites and observations of wolf behavior based on 
clusters of GPS locations in active beaver habitats both where I found kill sites and where 
I did not provide a viable substitute to visual observations of predation behavior of 
wolves (Figs 1.1 and 1.2). 
I documented more beaver kill sites (22) than previous studies by investigating 
areas where clusters of locations from GPS-collared wolves occurred. Short fix intervals 
(≤ 30 min) have been thought necessary for identifying kill sites of small prey [25,26,39]. 
However, I found 17 (80%) of 22 kill sites using collars with fix intervals ≥ 4 hr. My 
success in finding these kill sites was in part a result of wolves spending relatively long 
periods (! = 15.4 hr) at kill sites. 
Wolves appeared to have been alone at 73% of beaver kill sites, which is to be 
expected as wolves frequently travel alone from spring through early fall [24,25,40]. 
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Beavers in VNP can exceed 20 kg and can be a substantial meal for a wolf [37]. Peterson 
and Ciucci [1] stated that a 20 kg beaver can be entirely consumed within a few hours, 
especially with multiple wolves present. Although wolves might consume a beaver 
quickly, my results suggest wolves remain at beaver kill sites for a substantial period 
regardless of whether alone (15.6 hr) or with others (15.0 hr). However, my estimates of 
time spent at kill sites might be positively biased because I would not have detected kill 
sites where wolves were present < 4 hr.   
Where Wolves Kill Beavers 
During spring, wolves appear to hunt and kill beavers at or near a variety of 
habitat features. In fall, beavers must travel on land more frequently to access, obtain, and 
transport food both to store in the cache and to consume [10,41]. Therefore it is not 
surprising that 80% (8/10) of kill sites in fall were at feeding canals or trails [6,8]. Mech 
et al. [19] postulated that wolves likely hunt beavers during the ice-free season by 
targeting beaver trails going inland. My results agree with this, though this strategy 
appears to be much more prevalent in fall than spring. 
Mech and Peterson [42] and Peterson and Ciucci [1] speculated that wolves kill 
beavers near beaver dams based on the amount of time wolves and beavers spend near 
beaver dams. I confirmed this as 5 (23%) kills occurred at, or below, beaver dams. 
However, kill sites near dams were more prevalent in spring than fall, consistent with my 
observations that wolves spent a substantial period near active beaver dams in spring but 
not fall. I think that wolves might wait below dams because if a beaver was on the down 
slope of the dam it would be challenging for the beaver to turn around before it was 
attacked (see Kill Sites 2 and 13, Appendix A). Much of this is based on observations of 
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clusters where wolves appeared to have bedded down < 3 m from small channels or 
beaver trails below dams for several hours but never made a kill (Fig 1.2). 
How Wolves Hunt Beavers 
I think a typical hunting strategy consists of 3 components: 1) waiting near areas 
of high beaver use (e.g., feeding trails) until the beaver comes near shore or ashore, 2) 
using vegetation or the dam for concealment, and 3) attacking the beaver by cutting off 
access to water, or immediately attacking the beaver (e.g. ambush). Wolves spend about 
1/3 of their lives hunting [19], and thus likely put themselves in the best position to 
encounter beavers when in active beaver habitats. Clusters of locations in active beaver 
habitats were typified by a wolf bedding down next to high beaver use areas such as 
small channels, feeding trails, dams and lodges (Figs 1.1 and 1.2). In some instances 
wolves bedded for several hours and then moved nearby to another area of beaver activity 
and bedded again.  
Others have speculated that waiting near areas of beaver use would be a profitable 
strategy for wolves [1,19]. Thurber and Peterson [43] observed a lone wolf that they 
thought was actively hunting beavers during mid-winter thaws by bedding down next to 
beaver trails. Wolves appear to exhibit this ambushing behavior when hunting other prey 
species as well [44]. Mech [45] observed wolves waiting for 3 hr in a depression to 
ambush muskoxen (Ovibos moschatus)–even though the herd was only a few hundred 
meters away–and concluded that it appeared that the wolves chose the location to 
maximize their chance of success. Compared to ungulates, beavers have small home 
ranges and are very predictable, as they must eventually come on shore to forage or cross 
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over their dams to reach another body of water. Thus, waiting concealed at these areas 
appears to be an effective strategy that is almost certainly used by wolves.  
Once a wolf has located a beaver on or near land it either attacks the beaver by 
cutting off access to the water, or ambushing the beaver. At kill sites 7 and 14, fresh wolf 
tracks indicate wolves followed the shoreline to a feeding trail, then followed the feeding 
trail and killed a beaver < 20 m from water on that trail. Basey and Jenkins [46] thought 
that intercepting a beaver or cutting off its path to water was the most likely strategy for 
any predator hunting beavers. Similarly, Mech [47] suggested that wolves might follow 
shorelines until they find a beaver inland that they could easily subdue.  
However, wolves also appear to use ambush as a strategy to hunt beavers. In such 
cases, wolves likely are not waiting for the beaver to move inland before attacking it (see 
kill sites #2, #5, #12, and #13, Appendix A). At 27% (6/22) of kill sites, wolves appeared 
to have attacked beavers in the water and then consumed them close by on shore. For this 
to happen, 1 of 3 sequences must have occurred: 1) the wolf attacked the beaver on land 
but the beaver was able to get back to the water where it was subsequently subdued, 2) 
the wolf waited by the water, determined it could successfully kill the beaver, and 
attacked the beaver in the water, or 3) the beaver reached the water after detecting the 
wolf but was intercepted by the wolf in the water. In 83% (5/6) of these kills, beavers 
were pulled from waterways or feeding canals that were both ≥ 1 m deep and wide. 
Given this, it would seem beavers would be able to avoid being captured once they 
reached the water (e.g., sequences 1 and 3). Indeed, I documented 1 instance where a 
beaver successfully escaped from a wolf in the water (see Appendix B). Therefore, 
sequence 2 appears to be the most plausible explanation for how wolves attacked beavers 
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in the water and killed them on land. However, I do not know why a wolf would attack a 
beaver that was headed inland in the water, or conversely, wait for a beaver on land to 
return to water before attacking it. Nonetheless, I am confident that wolves do in fact 
attack beavers in the water, pull them out of the water, and then kill and consume them 
on shore. 
 Although wolves appear to use ambush as a hunting strategy, there is undoubtedly 
a certain level of opportunism that exists when wolves are traveling across the landscape 
[48]. However, without direct observation, I cannot say whether wolves waited for, 
searched for, or encountered beavers opportunistically at most kill sites because I do not 
know how long wolves were near kill sites prior to killing beavers.  
The Key to Understanding Wolf-Beaver Dynamics? 
I have provided the most thorough description of how and where wolves hunt 
beavers. However, there is still much to be learned about how wolves hunt beavers, and 
how wolf predation impacts beaver populations. To date, the impact of wolf predation on 
beaver populations has been estimated by: 1) calculating predation rate based on the wolf 
population, the beaver population, and the percent diet that is beaver (derived from scat 
analysis; [12]), 2) assuming a causal relationship between wolf removal and increases in 
beaver density [49], and 3) estimating the maximum possible predation rate for a growing 
beaver population [37]. By identifying kill sites, it is possible to calculate more accurate 
estimates of predation because most, if not all, of the beaver kills made by an individual 
wolf could be found. Other aspects of wolf-beaver dynamics could also be examined such 
as the impact of wolf predation on the demographic structure of beaver populations. 
	 	 	13	
Thus, identifying kill sites might be the key to fully understanding this important, but 
poorly understood, predator-prey relationship in boreal ecosystems. 
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 “Carefully correcting for biases inherent in indirect methods of diet determination has a 
profound effect on the assessment of diet composition and the estimated number of prey 
animals killed by a carnivore population.” – Wachter et al. 2012 
Estimating the diet of carnivores is important for understanding predator behavior 
and ecology, including predator-prey relationships, disease transmission, and energetics. 
Carnivore diets are most commonly determined by collecting scats and identifying the 
prey remains present (Klare et al. 2011). The assumption when estimating diet via scat 
analysis is that the scats collected are representative of all the scats deposited for a 
particular population (Steenweg et al. 2015). When this assumption is violated, diet 
estimates are biased to some, often unknown, degree. Because diet estimates from scat 
analysis are indirect, bias will always be present to some degree. However, biases should 
be addressed whenever possible to reduce error and increase the accuracy of diet 
estimates.  
Many biases in gray wolf (Canis lupus) diet estimation via scat analysis have 
been identified (Ciucci et al. 1996, 2004, Spaulding et al. 2010), and in some cases, 
solutions to minimize biases have been developed (Floyd et al. 1978, Weaver and Fritts 
1979, Weaver 1993). Recently, Steenweg et al. (2015) concluded that scats collected at 
homesites yielded a different estimated diet than scats collected on roads or trails (I refer 
to these as opportunistically-collected scats hereafter), which is consistent with several 
other studies (Theberge et al. 1978, Scott and Shackleton 1980, Fuller 1989, Trejo 2012). 
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However, 3 sources of potential bias—temporal (Van Ballenberghe et al. 1975, Kohira 
and Rexstad 1997, Tremblay et al. 2001), inter-pack (Voigt et al. 1976, Fuller 1980, 
Potvin et al. 1988), and age-class variability (Theberge and Cottrell 1977) —were not 
fully addressed prior to examining the impact of scat collection methods on diet 
estimates. Indeed, most studies have not accounted for all of these biases when estimating 
wolf diets. Thus, my objective was to 1) determine whether different scat collection 
methods (scats collected opportunistically, at homesites, and at GPS clusters) yield 
different wolf diet estimates after accounting for the 3 potential biases mentioned above, 
and 2) provide a practical method for estimating wolf population diet while confronting 
the potential biases.   
Study area 
My study area was in and adjacent to Voyageurs National Park (VNP; 48°30' N, 
92°50' W), Minnesota, USA, an 882 km2 protected area along the Minnesota-Ontario 
border. This area is in the Laurentian Mixed Forest Province, a transition zone between 
the southern boreal forest and northern hardwood forest (Bailey 1980). The portion of my 
study area south of VNP was primarily in the Kabetogama State Forest, which is actively 
managed for timber, resulting in a mosaic of clear cuts, young aspen (Populus spp.) 
stands, mature deciduous-coniferous stands, and wetlands. Four large lakes (Kabetogama, 
Rainy, Namakan and Sandpoint) cover 342 km2 (39%) of the park and many smaller 
lakes are scattered throughout the landmasses in and adjacent to the park. Beaver 
impoundments are abundant throughout my study area, and VNP has sustained high 
beaver densities for over 40 yr (Johnston and Windels 2015). Lakes freeze during late 
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October to mid-November with ice-out occurring during late April to early May 
(Kallemeyn et al. 2003). 
White-tailed deer (Odocoileus virginianus) are common in this area while moose 
(Alces americanus) are relatively rare (Windels and Olson 2016). Wolf densities are high 
(4–6  wolves/100 km2) in the park with average home ranges of 115.8 km2 (VNP unpubl. 
data). Coyotes are rare in the study area. Hunting and trapping are not allowed in the 
park. However, harvesting of white-tailed deer (Odocoileus virginianus), American 
beaver (Castor canadensis), and other furbearers is legal south of the park. Wolves were 
federally protected throughout Minnesota during my study but wolves were occasionally 
illegally killed outside VNP (VNP, unpubl. data). 
Materials and methods 
Wolf capture and collaring 
Wolves from 4 packs (Ash River Pack, Moose River Pack, Sheep Ranch Pack, 
Shoepack Lake Pack) were captured during 2012–2015 using #7 EZ Grip foothold traps 
(Livestock Protection Company, Alpine, Texas). Wolves were immobilized with 10 
mg/kg ketamine and 2 mg/kg xylazine using a syringe pole. Once immobilized, wolves 
were fitted with global positioning system (GPS) telemetry collars (Lotek IridiumTrackM 
1D or 2D, Lotek Wireless Inc, Newmarket, Ontario, Canada; Vectronic Vertex Survey, 
Vectronic Aerospace, Berlin, Germany). Morphological measurements, tissue samples, 
and blood were collected. Sex and age also were recorded. Wolves were reversed with 
0.15 mg/kg of yohimbine, and monitored through recovery. Fix intervals of GPS collars  
were set to 20 minutes, 4 hours, 6 hours or 12 hours, depending on the collar type, where 
the pack was located, and whether or not there was >1 collar in the pack at that time. All 
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capture and handling of wolves was approved by the National Park Service’s Institutional 
Animal Care and Use Committee (protocol MWR_VOYA_WINDELS_WOLF).  I 
estimated home ranges during the ice-free season (April–October) using the 95% 
adaptive kernel home range method and the Home Range Tools 2.0 extension for ArcGIS 
(Mills et al. 2006).  
Scat collection 
I collected wolf scats from 4 packs from April 2015 to October 2015. I collected 
scats opportunistically (roads and trails), at homesites, and at GPS clusters when possible. 
Clusters were defined as consecutive locations that were within 200 m of each other for 
≥4 hours (Latham 2009). I identified wolf homesites using location data from GPS-
collared wolves or from triangulation via howl surveys. I collected scats at homesites 
after wolves had left the homesite or at the end of each month. I differentiated between 
adult and pup scats at homesites, assuming that scats with a diameter <2.5 cm were pup 
scats, and those >2.5 cm were adult scats (Ausband et al. 2010, Stenglein et al. 2010). I 
omitted scats with a 2.5 cm diameter. I assumed that scats collected opportunistically or 
at GPS clusters were only from adult wolves. I collected scats opportunistically in known 
wolf home ranges on the same network of trails and roads every 1 to 3 weeks as well as 
at the end of each month to ensure a known month of deposition.  
I sterilized the scats by transferring them to nylon stockings and placing them in 
boiling water for >45 min (Chenaux-Ibrahim 2015). I then washed the scats in a washing 
machine, and allowed them to air dry for >12 h. I identified prey remains in each scat 
using the point-frame method (Ciucci et al. 2004). Briefly, this method entails placing a 
grid with 12 randomly-selected points over the spread-out dried scat contents and 
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selecting 12 hairs (1 from each of 12 randomly-selected points), which are identified to 
species and age class, where possible, based on their micro- and macroscopic 
characteristics (Chenaux-Ibrahim 2015). When necessary, I made casts of the cuticula 
using all-purpose household cement. After all hairs were identified, each scat was 
visually examined to verify all prey items had been identified. If >1 prey item was 
present in a scat, I estimated the volume of each prey item to the nearest 5% (Tremblay et 
al. 2001; Chavez and Gese 2005). I considered trace amounts of hair detected (i.e., ≤10 
individual hairs) from 1 prey item as 1% of the scat. 
 I used Weaver’s (1993) regression equation (Eq. 1) to estimate percent biomass 
from percent volume.                                                                 
                                                  Ŷ =0.439 + 0.008 × X                                                  Eq. 1 
In Equation 1, X is the live mass of a prey species and Ŷ is the prey mass per scat. The 
percent biomass is calculated by multiplying the prey mass per scat by the percent 
volume.  
I used a live mass of 4 kg for deer fawns from May and June, 14 kg for July and 
August, and 75 kg for an adult deer from June to August (Fuller 1989, Chenaux-Ibrahim 
2015). I was only able to differentiate between adult and neonate ungulate hair until the 
end of August. As a result, I estimated the live mass of deer consumed by wolves from 
September and October using the ratio of 7 adults:3 fawns found at kill sites in and 
around the study area in the fall to give weighted mean masses of 60.9 kg in September  
and 63.3 kg in October (Fuller 1989). I considered an adult moose to be 444 kg and a calf 
to be 20 kg from May to June (Chenaux-Ibrahim 2015). I only documented adult moose 
in wolf diet during May–August and calves during May–June. I used 14.4 kg and 16.7 kg 
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for the spring (April–June) and fall (July–October) live mass of a beaver, respectively, 
based on beaver trapping data (Windels, unpubl. data) and the average age of wolf-killed 
beavers in the area (Gable, unpubl. data). I used 1.5 kg for snowshoe hares (Lepus 
americanus), 0.25 kg for small mammals, and 100 kg for black bears (Ursus americanus) 
(Chenaux-Ibrahim 2015). I converted percent volume of berries (primarily Vaccinum spp. 
and Rubus spp.) to biomass using a conversion factor of 0.468 kg/scat (Gable, unpubl. 
data). 
I determined how many scats/pack/month should be collected to estimate monthly 
pack diets using rarefaction curves (Prugh et al. 2008, Dellinger et al. 2011). To do so, I 
randomly subsampled without replacement from the scats collected from each pack each 
month, and determined diet diversity (Shannon’s diversity index) as each scat was added 
to the monthly sample (Prugh et al. 2008). I repeated this 100 times and took the mean of 
the 100 simulations to yield a rarefaction curve. I used 9 categories (adult deer, fawn 
deer, adult moose, calf moose, beaver, berries, black bear, small mammals, snowshoe 
hare) to assess diet diversity. 
 I used 5 categories (adult deer, fawn deer, adult moose, beaver, other) for 
comparison of diet estimates between packs, months, scat collection methods, and age 
classes (Steenweg et al. 2015). Scats in the other category consisted of snowshoe hare, 
berries, black bear, small mammals, and in 2 instances, calf moose. To determine the diet 
during a particular sampling period >1 month (e.g., denning season), I averaged the 
monthly diet estimates to yield an estimate for the larger period. I considered the denning 
season to be 5 months (April–August), and the ice-free season to be 7 months (April–
October). 
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I use the term population to denote any time 2 or more pack diet estimates were 
combined. I did this to determine if, and how biases would change when several pack 
diets were combined into a single diet estimate. I estimated the diet of the population as 
the mean of the estimated pack diets of interest. To minimize any temporal bias when 
comparing diet estimates, I omitted monthly diet estimates from the denning or ice-free 
season diet estimates if a sufficient number of scats could not be collected from both 
packs, methods, or age-classes during that month (e.g., I omitted May when comparing 
differences in collection methods from Sheep Ranch).  
The comparisons used to test for the potential biases in diet estimates can be 
found in Table 2.1. I did not compare adult and pup scats from the Sheep Ranch Pack 
because I only collected 9 pup scats over the course of the denning season. Similarly, I 
did not examine differences in sampling method from the Shoepack Lake Pack because I 
was not able to collect a sufficient sample over several months from the 3 sampling 
methods to accurately compare whether there were differences in sampling methods.  
I determined whether diet estimates differed using Fisher’s Exact Tests (Trites 
and Joy 2005). I used an α  = 0.05 for statistical tests. When >1 statistical test was used to 
test a single hypothesis, I used the Bonferroni correction (α/number of statistical tests) to 
reduce the probability of making a type 1 error. For example, I used an α of 0.025 
(0.05/2) to determine whether adult and pup diet were different because I ran 2 statistical 
tests (1 for the Moose River and Ash River Packs) to test the hypothesis.  
I used a percentile bootstrap approach to determine the 95% confidence intervals 
of diet estimates by using 1 000 bootstrap simulations and then selecting the 25th and 
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975th highest values for each food item in a particular diet estimate (Andheria et al. 
2007). All analyses were completed using program R (version 3.1.3, R Core Team 2015). 
Results 
I collected 2 406 scats (1 985 adult scats, 511 pup scats) from April 2015 to 
October 2015 (Table 2.2). Most rarefaction curves (96%; n = 28) appeared to reach an 
asymptote once 10–20 scats were included in the sample (Fig. 2.1), which suggests a 
sample size of 10–20 scats/month/pack was adequate to estimate diet at the scales I used.  
I found no differences (Fig. 2.2) during the denning season between diet estimates 
derived from scats collected opportunistically and scats collected at homesites for the Ash 
River Pack (p = 0.752, α = 0.05/4), Moose River Pack (p = 0.400; α = 0.05/4), Sheep 
Ranch Pack (p = 0.536; α = 0.05/4), or the population (p =0.820, α = 0.05/4). I found no 
differences (Fig. 2.2) during the denning season between diet estimates derived from 
scats collected at homesites and scats collected at clusters for the Ash River Pack (p 
=0.625; α = 0.05/3), Moose River Pack (p = 0.031; α = 0.05/3), and the population (p = 
0.224, α = 0.05/3). I found no differences (Fig. 2.2) during the denning season between 
diet estimates derived from scats collected at homesites and scats collected at clusters for 
the Ash River Pack (p = 0.441; α=0.05/3), Moose River Pack (p = 0.065, α=0.05/3), and 
the population (p = 0.363, α = 0.05/3).  I found no difference (Fig. 2.3) during the ice-free 
season between diet estimates derived from scats collected opportunistically and scats 
collected at clusters for the Ash River Pack (p = 0.273; α = 0.05/3), Moose River Pack (p 
= 0.114; α = 0.05/3), and the population (p = 0.540; α = 0.05/3). 
Adult and pup diets of the Ash River Pack were different (p < 0.025; α = 0.05/2) 
but adult and pup diets of the Moose River Pack were not (p=0.273; α=0.05/2; Fig. 2.4). 
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Although I only collected 10 Ash River pup scats during May, the rarefaction curve 
appeared to reach an asymptote	at 10 scats, which suggested my sample size was 
adequate.  
 Because sampling method did not impact diet estimates, I pooled scats collected 
via different sampling methods for each pack, and estimated pack diet from April to 
October for each of the 4 packs. There was a difference (p<0.0083; α=0.05/6; Fig. 2.5A) 
in diet between every pack except the Moose River and Shoepack Lake Pack (p=0.0097). 
Population diet estimates differed between consecutive months (p<0.0083; α=0.05/6; Fig. 
2.5B) except between September and October (p=0.029). 
Discussion 
Scat collection methods 
  I determined that scat collection method had no impact on wolf diet estimation at 
the pack or population level after I accounted for temporal, inter-pack, and age-class 
variability. My study is unique in that I obtained a robust sample of scats that allowed me 
to test assumptions related to each of these factors concurrently. Theberge et al. (1978), 
Scott and Shackleton (1980), Fuller (1989), Marquard-Peterson (1998), Trejo (2012), and 
Steenweg et al. (2015) concluded that scats collected at homesites yielded different diet 
estimates than those collected opportunistically (e.g., roads, trails, etc.). However, none 
of these authors accounted for temporal, inter-pack, and/or age-class variability, which 
makes their conclusions regarding sampling method inconclusive, especially their 
conclusions concerning the mechanism that results in the supposed differences in diet 
estimates (see Theberge et al. 1978, Steenweg et al. 2015). In addition to not addressing 
all 3 of these biases, Theberge et al. (1978), Marquard-Peterson (1998), and Steenweg et 
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al. (2015) used frequency of occurrence of food items to estimate wolf diets instead of 
percent biomasss–which is the most accurate method available to estimate carnivore diets 
from scats (Klare et al. 2011)–which could have led these researchers to conclude that 
scat collection method impacts diet estimates.  
 Although I did not find a difference between diet estimates based on scats 
collected at clusters and those collected via other methods (opportunistically or at 
homesites), this result should be interpreted cautiously because I was not able to collect a 
sufficient number of scats (10–20 scats/pack/month) from GPS clusters to conclude that 
diet estimates from GPS clusters were the same as those from other methods. Collecting 
scats at GPS clusters is problematic as the quantity and content of the scats collected can 
depend on how a cluster is defined (length of interval and how close locations must be), 
and how many clusters are actually visited. Clusters that span a longer timeframe could 
be biased toward kill sites of larger ungulate prey, thus biasing overall diet estimation 
(Webb et al. 2008). As the variation between prey sizes in wolf diet increases (e.g., from 
snowshoe hare to adult moose), this bias would increase. Similarly, scats at clusters 
during the ice-free season are more likely to be from the same individual instead of the 
entire pack because pack cohesion is weakest during this time (Demma et al. 2007, 
Barber-Meyer and Mech 2015). Thus, individual characteristics such as the age or 
breeding status of the collared wolf could bias diet estimates. Moreover, scats collected at 
kill site clusters could represent the same prey meal and be highly auto-correlated in 
space and time, which could potentially bias diet estimates (Marucco et al. 2008).  Thus, I 




I documented several potential biases other than scat collection method that could 
have impacted diet estimates were they not accounted for. Most notably, there was inter-
pack variability among every pack except the Shoepack and Moose River packs (Fig. 
2.5A). Inter-pack variability in diet probably results from the differing abundance of 
available prey in each territory (Fuller and Keith 1980), or packs specializing on a 
particular prey item. Thus, it seems likely that there is less variability between individuals 
within a pack than between packs. Therefore, I suggest that packs should be the sample 
unit when estimating the diet of a population. With packs as the sample unit, scats from 
different packs should not be pooled. Rather, the diet of each pack should be estimated, 
and then the pack diets averaged to yield the diet of the population of interest. Pooling 
scats from several packs, which is common in wolf diet studies (Van Ballenberghe et al. 
1975, Theberge et al. 1978, Fritts and Mech 1981, Fuller 1989, Forbes and Theberge 
1996, Latham et al. 2011, Steenweg et al. 2015, Chenaux-Ibrahim 2015), should be 
avoided unless each pack is adequately and uniformly sampled. Otherwise, the packs that 
are most easily sampled will be over-represented.  
Age-class variability 
Most wolf scat studies have pooled adult and pup scats collected at homesites 
with the assumption that pup and adult diet is the same (Van Ballenberghe et al. 1975, 
Theberge et al. 1978, Fritts and Mech 1981, Steenweg et al. 2015). In my study, this 
assumption was valid for the Moose River Pack, but not for the Ash River Pack. 
Differences between adult and pup diet estimates suggests certain pack members (e.g. 
breeding males and females) bring disproportionally greater amounts of food to the pups 
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than other members, or that pups are consuming food items that are abundant around 
homesites (Van Ballenberghe et al. 1975, Theberge and Cottrell 1977, Fuller 1989). 
There was no difference in pup and adult diets at homesites in Grand Teton National Park 
(Trejo 2012) whereas pup scats in Kluane National Park contained more small mammals 
than adult scats due to a colony of ground squirrels near the homesite (Theberge and 
Cottrell 1977). Further research is needed to determine the factors that affect differences 
in pup and adult diet (e.g., prey densities, prey base composition, pack composition, 
geography).   
 The best way to reduce bias associated with age class is to differentiate between 
pup and adult scats collected at homesites using an appropriate size cutoff while 
acknowledging such cutoffs are imperfect. Many studies have considered scats <25 mm 
in diameter to be pup scats (Latham 2009, Ausband et al. 2010, Stenglein et al. 2010, 
2011) although others have used more conservative estimates of <15–20  mm (Theberge 
and Cottrell 1977, Trejo 2012, Derbridge et al. 2012)  I used <25 mm as the cutoff to 
differentiate between adult and pup scats at homesites. However, I acknowledge that 
some adult wolf scats were almost certainly classified as pup scats using this cutoff (see 
Weaver and Fritts 1979) as 25 mm is an arbitrary and untested cutoff. Nonetheless, I 
believe there was little misclassification of pup scats as adult scats because pups were 
substantially smaller than adults (Van Ballenberghe and Mech 1975) during this period 
(May–August).  
As pups approach adult size, bias from age class variability cannot be minimized 
(unless genetic techniques are used) as adult and pup scats will be indistinguishable. 
When pup diet is different from adult diet, pooling scats could bias overall summer wolf 
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diet estimation. The impact of this bias would increase as the proportion of pup scats 
relative to adult scats at homesites increases. Thus, I suggest providing pup diet estimates 
alongside adult diet estimates as adult diet is a better metric for summer wolf pack diet as 
pups are incapable of hunting large prey.  
Temporal variation 
  Wolf diet changes quickly in response to the availability and abundance of 
vulnerable prey (Van Ballenberghe et al. 1975, Fuller 1989, Theberge and Theberge 
2004, Wiebe et al. 2009). Indeed, wolf diet in my study differed between consecutive 
months except September and October (Fig. 2.5B). Despite this, scats from several 
months are commonly pooled together with the implicit assumption that wolf diet is 
similar in every month of the larger sampling period (e.g., season or year). My results 
indicate that such pooling introduces potentially significant bias into diet estimates. For 
example, beavers composed a substantial proportion (0.42) of wolf diet in the VNP area 
during April–May, and fawns composed a substantial proportion (0.40) during June–
August. If I had collected more scats during April–May than June–August and pooled all 
scats I would have overestimated beaver in wolf diet during this period. The extent to 
which particular prey items would be over or underestimated would only increase as the 
disparity in sample size among months increases.  In theory, scats could be pooled for a 
season as long as there is equal sampling in each month. However, equal scat sampling 
rarely occurs in scat-based diet studies.  
Thus, I recommend estimating monthly diet in order to minimize potential bias 
from temporal variability in diet estimates regardless of the sample size collected in each 
month. I acknowledge that a monthly sampling period is somewhat arbitrary but it 
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provides a convenient period that should capture intra-seasonal variability in wolf diet 
while still being logistically feasible. Further, this period is widely used in diet studies 
and should allow for broader comparisons within and among different study areas.  
Determining an adequate sample size 
 Given the temporal and inter-pack variability in wolf diets, adequate numbers of 
scats from each pack each month are needed to correctly estimate the diet of the larger 
population. I suggest researchers collect ≥10–20 scats/pack/month to estimate monthly 
wolf diets (2.. 1). Because wolf diet diversity has little impact on the sample size needed 
(Dellinger et al. 2011, Chenaux-Ibrahim 2015, Fig. 2.1), it is not surprising that multiple 
studies have determined that 10–30 scats were sufficient to estimate wolf diets regardless 
of the time interval (monthly, seasonal, annual) over which scats were collected, or 
whether scats were collected from individual packs or populations. For example, 20 scats 
were deemed sufficient to estimate the annual diet of red wolf (C. rufus) packs (Dellinger 
et al. 2011) and 15–30 scats appeared sufficient to estimate the seasonal diet of wolf 
populations in Minnesota (Chenaux-Ibrahim 2015). However, rarefaction curves can 
determine how many scats would be needed to adequately represent the pool of scats 
collected but they cannot confront or account for the biases that could be present in the 
pool of scats collected (Trites and Joy 2005). Therefore, diet estimates can be inaccurate 
even when adequate sample sizes have been collected. Many researchers simply pool 
scats from months, seasons or years to increase sample sizes, but doing so introduces a 
new source of bias in an attempt to remove another.  
Collecting ≥10–20 scats/pack/month could be challenging for researchers 
studying the food habits of remote wolf packs/populations. Although 10-20 scats would 
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be ideal, 5-10 scats/month may be more practical in such areas and will likely still 
provide reasonably accurate (Fig. 2.1) monthly pack diet estimates. Regardless of sample 
size, researchers should calculate measures of precision around their diet estimates by 
using bootstrapping or other statistical approaches. 
Setting a higher standard for scat-based wolf diet studies 
I have demonstrated that temporal, inter-pack, and age-class variability can bias 
scat-based wolf diet estimates, yet most wolf diet studies have not confronted these 
biases. Therefore, a higher standard is necessary. To accurately estimate wolf diets, I 
recommend future studies strive to account for 1) monthly variability in diet, 2) inter-
pack variability in diet, 3) age class variability in diet, and 4) differences in wolf diet 
estimates due to scat collection methods. Based on my results, I suggest all 4 of these 
potential biases can be minimized by collecting ≥10–20 adult scats/pack/month from 
homesites and/or opportunistically. Addressing the potential biases I have identified can 
be done in a practical and reasonable manner, but is contingent on a well-developed study 
design that identifies the packs that are both representative of the larger population, and 
that can be realistically sampled (Trites and Joy 2005, Steenweg et al. 2015). Failure to 
follow these recommendations could lead to incorrect conclusions about wolf diets 
because diet estimates could contain substantial bias. However, I am confident that using 
this approach will increase the quality and accuracy of wolf diet estimates, which could 
ultimately influence management decisions.  
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Table 2.1. Statistical comparisons used to identify the biases in wolf (Canis lupus) diet 
estimates from 4 wolf packs in and adjacent to Voyageurs National Park, MN during April– 
October 2015.  






α e p < α? 
Scat collection 
method 
      
 Opp vs. Home Denning AR,MR,SR,POP 4 0.013 No 
 Opp vs. Clusters Denning AR,MR,POP 3 0.017 No 
 Home vs. Clusters Denning AR,MR,POP 3 0.017 No 
 Opp vs. Clusters Ice-Free AR,MR,POP 3 0.017 No 
Inter-pack 
variability 
      
 AR vs. MR Ice-Free AR,MR 6 0.008 Yes 
 AR vs. SR Ice-Free AR,SR 6 0.008 Yes 
 AR vs. SHOE Ice-Free AR,SHOE 6 0.008 Yes 
 MR vs. SHOE Ice-Free MR,SHOE 6 0.008 No 
 MR vs. SR Ice-Free MR,SR 6 0.008 Yes 
 SR vs. SHOE Ice-Free SR,SHOE 6 0.008 Yes 
Temporal 
variabilityf 
      
 Apr vs. May  POP 6 0.008 Yes 
 May vs. Jun  POP 6 0.008 Yes 
 Jun vs. Jul  POP 6 0.008 Yes 
 Jul vs. Aug  POP 6 0.008 Yes 
 Aug vs. Sep  POP 6 0.008 Yes 
 Sep vs. Oct  POP 6 0.008  
Age-class 
variability 
      
 AR adult vs. pup May-Aug AR 2 0.025 Yes 
 MR adult vs. pup May-Aug MR 2 0.025 No 
aOpp = opportunistic, Home = homesites. 
bDenning season = Apr–Aug, Ice-free season = Apr–Oct. 
cAR = Ash River pack, MR = Moose River pack, SR = Sheep Ranch pack, SHOE = 
Shoepack Lake pack, and POP denotes anytime ≥2 pack diet estimates were combined. 
dNumber of Fisher’s Exact Tests used to test a particular hypothesis. 
e Critical Value determined via Bonferroni Correction (α = 0.05/no. of statistical tests). 




Table 2.2. Number of adult wolf (Canis lupus) and pup scats from 3 different collection methods 
(GPS-clusters, homesites, and opportunistic) from 4 wolf packs in and adjacent to Voyageurs 







 Pack  Age  Method  Apr. May Jun. Jul. Aug. Sept. Oct. Total 












 Total  60 59 37 76 39 20 36 327 
 



















 Total  117 68 114 195 73 49 48 664 
 







        Sheep Ranch  Adult  Clusters  - 1 - - - - 19 20 
























 262 265 512 551 393 176 247 2406 
aScats pooled from opportunistic collections (April–July) and from homesites and clusters (Sept–










Fig 1.1. Examples of evidence found at beaver kill sites (A,B,C), and of wolf behavior 
when in active beaver habitats (D) in Voyageurs National Park 2015. A) Matted 
vegetation at kill sites provided important information about how wolves killed beavers. 
B) Wildlife technician A. Homkes stands at Beaver Kill Site 13 < 10 m below an active 
beaver dam. C) Beaver Kill Site 18 on a small point < 5 m from the active dam where a 
wolf, based on the trampled vegetation, presumably pulled a kit beaver out of the water 
and consumed it. D) A wolf bed (lower left corner) found when examining clusters of 
GPS-locations in the spring. The wolf bedded for ≥ 8 hr next to this active beaver lodge 





Fig 1.2. Locations (solid circles) and line from previous location from a GPS-collared 
wolf (4–hr fix interval) in Voyageurs National Park during April–May 2015 when A) at 
Beaver Kill Site 2 and B) when bedded next to a small channel below an active beaver 

























Fig. 2.1. Rarefactions curves examining the impact of scat sample size on 2015 monthly 
(April–October) wolf (Canis lupus) pack diet diversity in Voyageurs National Park, 







Fig. 2.2. Estimated diet of 3 wolf (Canis lupus) packs–Ash River Pack (A), Moose River 
Pack (B), Sheep Ranch Pack (C)–and the population (D) in and adjacent to Voyageurs 
National Park based on 3 scat collection methods (clusters, homesites, and opportunistic) 


















Fig. 2.3. Estimated diet of 2 wolf (Canis lupus) packs–Ash River Pack (A), Moose River 
Pack (B)–and the population (C) in and adjacent to Voyageurs National Park based on 2 
scat collection methods (at clusters and opportunistically) during the 2015 ice-free season 




Fig. 2.4. Comparison between adult and pup wolf (Canis lupus) diet for the Ash River 














Fig. 2.5. Inter-pack (A) and monthly (B) variability in wolf (Canis lupus) diet in and 
adjacent to Voyageurs National Park from April 2015–October 2015. Error bars represent 







DESCRIPTION OF INDIVIDUAL BEAVER KILL SITES 
Below are descriptions of 22 beaver kill sites that I documented from April 2015 
to November 2015 in Voyageurs National Park, Minnesota. When describing a kill site I 
frequently mention the location of beaver remains, or of the collared wolf as being in the 
vicinity of the kill site. I considered an object in the vicinity of the kill site if it was <200 
m from the kill site but not at the kill site. I use the term consumption site to denote the 
location where a wolf consumed the beaver. In most cases the consumption occurred at 
the kill site. However, there were a few instances where multiple wolves were present 
and several consumption sites radiated out from the actual kill site (e.g., Beaver Kill Site 
#17 and 22). With many of the individual descriptions I have attempted to infer how the 
beaver was killed based on evidence at the kill site, and wolf behavior at other clusters I 
examined in similar locations where I did not find kill sites. In some instances there 
simply was not enough evidence to determine how the wolf or wolves killed the beaver, 
and any attempts to describe how the beaver was killed are purely speculative. 
Descriptions of Individual Kill Sites 
Beaver Kill Site #1 (UTM 501767, 5361064) 
Kill Site Type: Below Dam 
 On 27 April 2015 I documented a beaver kill site from wolf V009 of the Ash 
River Pack. The wolf spent a minimum of 20 hr (4-hr fix interval) in a grassy area 
downstream from a beaver dam during which at some point it killed a beaver. There were 
many beaver trails going over the dam and 1 went into a small stagnant channel 
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(approximately 1–1.5 m wide) below the dam that connected to an old beaver pond. I 
found 4 wolf beds in this cluster within 3 m of each other. Given the amount of time 
spent at this cluster, I am unsure if these 4 beds are from a single wolf or multiple wolves. 
The beds were 15–20 m from the dam. In 2 of the wolf beds I found tufts of beaver hair 
and bone fragments. Beaver hair, dried stomach contents, and beaver bones in a small 
trampled area about 10 m from the beds suggested this was where the beaver was killed 
and consumed. This site was 15.0 m downstream from the dam. Trampled vegetation 
next to the stagnant channel suggested the wolf pulled the beaver out the channel and 
then consumed it 10 m away.  
Beaver Kill Site #2 (UTM 505335, 5361076) 
Kill Site Type: Below Dam 
On 28 April 2015 I documented a beaver kill site from wolf V009 of the Ash 
River Pack. The kill occurred below a large beaver dam. There were well-worn trails and 
fresh cuttings on the downstream side of the dam suggesting that beavers used this area 
frequently. Although the kill site was close to a well-worn feeding trail that crossed over 
the dam, I considered this to be a below dam kill site because it was <10 m from a large 
dam. At the kill site I found a large area of depressed vegetation with small tufts of 
beaver fur, a few dried pieces of stomach contents, and a few bone fragments. The wolf 
appeared to have been alone and spent a minimum of 8 hr (4-hr fix interval) at this kill 
site.  I postulate that the beaver crossed over the dam unaware of a wolf waiting below 
the dam, and once on the downslope of the dam was attacked immediately.  
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Beaver Kill Site #3 (UTM 505477, 5363871) 
Kill Site Type: Near Shore 
 On 30 April 2015, I documented a kill site from wolf V009 of the Ash River Pack 
27.2 m from the shoreline at the south end of Mud Bay, Lake Kabetogama. The kill site 
was easily identified as there were large amounts of beaver fur present as well as a large 
area of matted vegetation. A wolf scat was also present at the kill site. The wolf was 
probably alone at this kill and stayed there a minimum of 12 hr (4-hr fix interval). 
 The kill site was in a large open grassy area with the nearest woody vegetation 
approximately 50 m further inland. There were no beaver trails nearby and there was no 
evidence of fresh cuttings in the vicinity. The beaver was likely associated with an active 
lodge that was about 100 m away. I am uncertain how the beaver got from the water to 
the kill site.  
Beaver Kill Site #4 (UTM 505642, 5363788) 
Kill Site Type: Near Shore 
I documented Beaver Kill Site #4 on 30 April 2015 100 m from Beaver Kill Site 
#3. This kill site was found opportunistically and based on GPS-location data wolf V009 
was not near this site on the date this kill occurred. Thus, the kill was made by another 
wolf in the Ash River pack. Beaver Kill Site #4 was undoubtedly a different kill site as it 
was 1–2 days old (based on the fresh wolf scat as well a the bright red, fresh tissue on 
skull fragments) while Beaver Kill Site #3 was 17 days old (based on GPS-location data). 
 Without a GPS-collared wolf at the kill site I cannot determine how long the wolf 
was present at the kill site but it appears to have been alone. The only remains at the kill 
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site were skull fragments including the incisors, a piece of the lower mandible, and the 
upper molariform teeth. There was depressed vegetation at the site but as was the case 
with Beaver Kill Site #3, I am uncertain what occurred here. The kill site was 16 m from 
a small channel at the end of the bay that had < 0.3 m of water in it. There were no fresh 
cuttings or beaver trails nearby, and I am not sure why the beaver was at this area. 
Beaver Kill Site #5 (UTM 504262, 5363766) 
Kill Site Type: At Lodge 
 On 30 April 2015 I documented a kill site approximately 10 m from a beaver 
lodge on the west side of Daly Bay in Lake Kabetogama, VNP. The lodge was situated 
on a 10 m wide channel in tall cattails (Typha spp.) and canary grass (Phalaris 
arundinacea). The water level was very low and the entire lodge was out of the water. 
The channel was mostly dry with some water (about 1.0 m wide by 0.5 m deep) 
remaining. To access open water, beavers would have to travel 50–70 m via the channel.  
 Numerous wolf tracks surrounded the lodge. There were also wolf tracks in the 
muddy canal entrances to the lodge where a wolf was presumably inspecting the lodge. 
Wolf V009 of the Ash River pack appeared to be alone and spent a minimum of 8 hr (4-
hr fix interval) at this kill site. Based on depressed vegetation, it appeared wolf V009 
made contact with the beaver 1 m from the lodge and then dragged it back behind the 
lodge 10 m where it then consumed the beaver. This kill site was especially obvious 
because the dead cattails and canary grass were very brittle and broke easily with contact. 
The intact beaver skull, tufts of fur, and bone fragments were at the kill site. I 
think the wolf waited for the beaver to exit the lodge and then attacked it. I saw no 
	 	 	52	
evidence in the muddy shoreline that the beaver tried to run back into the lodge with the 
wolf in pursuit. Therefore, the beaver had to have been leaving the lodge when attacked.  
Beaver Kill Site #6 (UTM 523575, 5359361) 
Kill Site Type: Near Shore 
 On 3 May 2015, I documented a kill site on the west shore of Little Johnson River 
about 1 km north of Little Johnson Lake. The kill was 16.0 m from water and wolf V028 
of the Moose River pack spent a minimum of 6 hr (6-hr fix interval) in the vicinity of the 
kill. The wolf was likely by itself at the kill.  
 Like other on shore kill sites, I do not know what occurred here. The kill site was 
in an open grassy area next to the river with no beaver trails or active cuttings nearby. I 
found the skull, lower mandible, bone fragments and fur at the kill site. This beaver was 
likely associated with an active lodge ~150 m away. The colony had dammed the Little 
Johnson River about 50 m upstream of the kill site.  There were no drag marks or 
depressed vegetation nearby. 
Beaver Kill Site #7 (UTM 518406, 5360343) 
Kill Site Type: Feeding Trail 
 On 5 May 2015, I documented a kill site on the south shore of Moose River 
approximately 1.5 km upstream from where Moose River flows into Moose Bay, 
Namakan Lake. Wolf V027 spent a minimum of 12 hr (6-hr fix interval) in the vicinity of 
this kill site, and was probably alone. 
The kill site was on a feeding trail by an active beaver lodge situated on Moose 
River where beavers were cutting small aspen saplings. The kill occurred 17.7 m from 
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Moose River. At the kill site I only found beaver fur and stomach contents. I did find 
tufts of beaver fur up to 1 m high in the vegetation from when the wolf was handling the 
beaver at the kill site. 
 Wolf tracks on exposed muddy shoreline of Moose River provided helpful 
information in understanding what occurred at this kill. I located a wolf bed close to an 
active beaver lodge on Moose River as well as tracks on the shoreline from the lodge to 
the feeding trail (distance from lodge to feeding trail was about 30 m) where the wolf 
tracks stopped and turned up the trail. I found tufts of beaver hair every few meters along 
the feeding trail until I reached the kill site. I concluded the wolf was waiting nearby 
when a beaver left the lodge and went ashore on this feeding trail. The wolf followed, cut 
off the beaver’s access to water, and killed it. The tufts of fur along the trail are probably 
from the wolf dragging or chasing the struggling beaver up the trail.  
Beaver Kill Site #8 (UTM 504617, 5360090) 
Kill Site Type: Feeding Trail 
On 8 May 2015 I documented a kill site from wolf V009 of the Ash River pack on 
the west side of the west fork of Daley Bay. Wolf V009 had spent a minimum of 9.0 hr at 
the kill site (the collar recorded locations at a 4 and then 5 hr fix interval). The kill site 
was 98.9 m from water and in a dense coniferous stand with a few deciduous trees 
scattered throughout.  Close by were many feeding trails leading inland and the beavers 
appeared to be actively cutting >50 m from water in several places. The kill site was 
inconspicuous as it was in a coniferous stand and thus disturbances from the kill were not 
easily identified.  However, after searching extensively I found the kill site. The only 
remains were long bones with some flesh still attached. I found a few fresh wolf scats and 
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some more bone fragments in the vicinity. Based on the number of scats and scattered 
remains as well as several sets of wolf tracks on the shoreline, I do not think wolf V009 
was alone at this kill site.  
 Determining what occurred at this kill site was challenging, and it is puzzling how 
far from water this kill occurred. With so many feeding trails nearby, it seems likely that 
the beaver was foraging far from water when either the beaver detected wolves, or was 
attacked by wolves. However, there were no fresh cuttings within 40 m of the kill site. 
With multiple wolves present, the beaver likely had no way to reach the water. Perhaps 
the beaver tried to escape by running the opposite direction of the wolves which would 
explain why the kill occurred even farther inland than the farthest freshly cut tree. I did 
not find any evidence of drag marks that would suggest the beaver was dragged to the kill 
site. Moreover, I thoroughly searched the entire area and ruled out the possibility that the 
beaver was killed closer to water and then consumed where I found the remains.  
Beaver Kill Site #9 (UTM 507859, 5364552) 
Kill Site Type: Below Dam 
On 12 May 2015, I documented a kill site near a group of 3 ponds about 1.5 km 
west of Blind Ash Bay, Lake Kabetogama. Wolf V009 of the Ash River Pack was here 
for a minimum of 6 hr. Unlike at all the other kill sites, I found no remains at this kill. 
Between when the kill would have occurred and when I was able to examine the cluster 
there was heavy rain which certainly could have washed tufts of fur or little pieces of 
stomach contents to the bottom of the depressed vegetation. Similarly, it is not 
unreasonable that the wolves consumed the entire carcass. For example, at a few kill sites 
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I have not found any hair and at others only hair. Therefore it is likely that either all the 
remains were consumed, or the few that were not were washed away and not found.  
However, several other lines of evidence suggest this was in fact a kill site. I 
found 3 viscous, tar-like scats indicative of a recent kill (Peterson and Ciucci 2003) that 
all contained beaver hair. Moreover, at the GPS-locations I found a large area that had 
been trampled and all the vegetation depressed. This area was significantly larger than a 
wolf bed and was of the same size and shape as that of Beaver Kill Sites #2 and #13. I 
have examined >150 clusters and have not documented depressed vegetation such as this 
except at other beaver kill sites.  
The location of this kill fits the pattern seen at other below dam kill sites. The 
matted vegetation suggests the beaver was in the small channel below the dam when it 
was attacked and then consumed nearby on shore. Wolf V009 appeared to have been with 
at least 1 other wolf at this kill site based on the number of beds present. Over the course 
of the summer, wolf V009 visited this area frequently and I determined that in July 2015 
wolf V009 killed a deer fawn and a great blue heron (Ardea herodias) chick <50 m from 
the location of this kill site. Similarly, wolf V009 killed a beaver (Beaver Kill Site #14) at 
the same pond as this kill site in October. 
Beaver Kill Site #10 (UTM 508927, 5361953) 
Kill Site Type: Small Waterway 
On 15 May 2015, I documented a kill site in the middle of the Ash River territory 
near a small creek that was flowing into an active beaver pond. Wolf V009 appeared to 
be alone when attacking and killing this beaver. Based on drag marks from the creek to 
the kill site, it appears that wolf V009 attacked the beaver in the water and then 
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consumed it 8.2 m away. Moreover, there was a fresh wolf track in the mud of the creek 
right where it appeared the beaver was attacked. The track was pointed the direction I 
would have expected if the wolf attacked the beaver and tried to drag it out of the creek 
by backing up. The creek was narrow and shallow with most of the creek <0.5 m deep.  
I found a few tufts of beaver fur at the kill site and on vegetation between the kill 
site and the creek presumably from when the wolf was dragging the beaver to the kill 
site. Nearby I found a wolf scat. Wolf V009 was at the kill site for a minimum of 4 hr (4-
hr fix interval). As I searched the area I identified a rudimentary dam about 25 m 
upstream from the kill site. Close by were several freshly cut aspens that were likely 
being used to construct a dam and thus stop the flow of the creek. This dam was 
approximately 250 m upstream from an active beaver pond that the creek flowed into. I 
concluded that the beaver was likely a dispersing beaver that was trying to dam up the 
stream and create a pond when it was killed.  
Beaver Kill Site #11 (UTM 521515, 5359451) 
Kill Site Type: Small Waterway 
On 2 June 2015, I documented a kill from wolf V027 from the Moose River Pack. 
The kill occurred about 150 m south of Wiyapka Lake next to a small waterway that went 
through an alder swamp. The small waterway flowed into Wiyapka Lake from a beaver 
pond complex 300–400 m upstream. The kill site was easily identified by the trampled 
vegetation, presence of stomach contents, and a large amount of beaver hair. There was a 
foul odor from the remains  (this is the only kill site where that was the case).  
I do not know how long wolf V027 was in the area because there was only 1 
location taken within 200 m of the kill site. However, the maximum time spent at the kill 
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site was 8 hr (4-hr fix interval). Technically, this kill site did not occur at a cluster as 
there were no other locations prior to, or after this location within 200 m. I only visited 
this location because it was between 2 clusters I had to investigate. The kill site was 
within 5 m of the GPS location. It is worth noting that the wolf spent at least 12 hr only 
225-250 m west of the kill site prior to being located at the kill site. 
Based on the depressed vegetation and proximity of the kill to water, it appeared 
the wolf attacked the beaver in the small waterway and then consumed it 1 m away on 
land. There were no fresh cuttings or beaver trails nearby to suggest the beaver was on 
land when caught. The small channel that the beaver was pulled from was about 2–3 m 
wide and >1 m deep.   
Beaver Kill Site #12 (UTM 515479, 5346542) 
Kill Site Type: Forest Interior 
 On 6 June 2015, I documented a kill from V026 of the Sheep Ranch Pack. Wolf 
V026 was present at the kill site for at least 12 hr (12-hr fix interval).  The kill site was 
approximately 1 km southwest of Corner Lake in a dense aspen stand 222.1 m away from 
the nearest body of water. I did not find any evidence of fresh cuttings or any other 
beaver activity. Therefore, I presumed this was a dispersing beaver that was trying to 
move from 1 pond complex to the next by crossing through the forest. Wolf V026 had 
ventured 1 km south of the Sheep Ranch Pack territory on the same day and likely 
encountered the beaver opportunistically.  
 At the kill site I found evidence of a struggle as a downed log had been torn apart 
on 1 end with claw and/or tooth marks present in the wood.  A small sapling had also 
been broken off about 1 m above the ground, and I found beaver fur on the sapling where 
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it had been broken off. More beaver fur was found in the vegetation nearby, and at the 
kill site. I also found a wolf scat at the kill site. About 15 m away from the kill site I 
found some bone fragments that were in the same spot as the second GPS location from 
wolf V026. It appeared that wolf V026 was alone at the kill site as all beaver remains that 
were identified were found at the GPS locations from that wolf.  
Beaver Kill Site #13 (UTM 511374, 5363576) 
Kill Site Type: Below Dam 
 On 10 October 2015, I documented a kill site 75 m west of the Sullivan Bay 
trailhead below a dam near an active pond. The kill occurred below the 2nd active dam 
downstream of the pond instead of the primary dam that was damming the main pond. 
The 2 dams were about 30 m apart, and a well-used beaver trail crossed over the primary 
dam, across a small stretch of land and into the small pond created by the 2nd dam. There 
was also a trail that crossed over the 2nd dam to a small shallow channel below the dam. 
The kill site was about 3 m from the trail and 10 m below the second dam (distance to the 
small channel was 4 m). I speculate that the beaver had crossed over the second dam and 
had almost reached the small channel when a wolf, concealed in the vegetation, attacked 
the beaver and consumed it close by.  
 The kill site was obvious due to the large area of trampled vegetation but I found 
very little of the carcass at this location (a tuft of beaver fur and stomach contents). Wolf 
V009 of the Ash River pack was present in the vicinity of the kill site for at least 24 hr (6-
hr fix interval). However, between 6 and 12 hr the wolf moved 140 m away where he 
bedded down for at least another 18 hr on a high rocky ridge. I found 3 fresh wolf scats 
	 	 	59	
on this ridge – all were associated with GPS-locations. Similarly, I found the beaver skull 
close by 1 of the GPS-locations. Based on this V009 was likely alone at the kill site.  
Beaver Kill Site #14 (UTM 507558, 5364569) 
Kill Site Type: Feeding Trail 
 On 13 October 2015, I opportunistically documented a kill site on the southwest 
side of the beaver pond where Beaver Kill Site #9 was found. AlthoughI found this kill 
site opportunistically, I think that wolf V009 killed this beaver because GPS-collar data 
(6-hr fix interval) shows that he was 170 m from the kill site about 2 hr after I found it. I 
do not think it is coincidence that the wolf was within the vicinity of this kill site just 
after I documented a freshly-killed beaver.  
The kill occurred on an active feeding trail where beavers had been cutting and 
transporting aspen to the pond. Wet blood across the ground and vegetation suggested the 
kill site was < 12 hr old. Rain throughout the previous day would have washed away the 
blood if the kill had occurred before or during this time.  
 At the kill site I found intact segments of the intestinal tract and fresh pieces of 
muscle tissue that had not been consumed. I probably scared the wolf away from the 
carcass as I did not find these remains at any other kill site. I also found a piece of leg 
bone still attached in the socket to a piece of the pelvis. Some tufts of beaver fur were 
spread around the kill site and stomach contents had been strewn about. The wolf 
appeared to be alone as all beaver remains found were at the kill site. I searched the area 
extensively and did not find any beaver remains or beds in the vicinity of the kill. I do not 
know how long Wolf V009 remained or would have remained at the kill site had I not 
scared it away. 
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 On the shore of the pond I found a set of fresh wolf tracks in the mud. The tracks 
were on the west side of the feeding trail and headed east along the pond shore. I did not 
find any tracks in the stretches of exposed muddy shoreline on the east side of the feeding 
trail leading me to believe the wolf stopped traveling on the shore when it reached the 
feeding trail. This seems likely and is consistent with how wolf V027 hunted and killed a 
beaver on a feeding trail at Beaver Kill Site #7. I do not know whether this wolf was 
waiting until the beaver went on shore, or was running the shoreline when it caught the 
fresh scent of a beaver, turned onto the feeding trail, and found the beaver inland.  
Whatever the case, the beaver appeared to be cutting a recently-felled aspen when, based 
on the drag marks and blood on the vegetation, it was attacked and then consumed about 
10 m away. The kill site was 15.5 m from the pond.   
Beaver Kill Site #15 (UTM 505693, 5360680) 
Kill Site Type: Feeding Canal 
 On 13 October 2015, I documented a kill site on the south shore of the east fork of 
Daley Bay, Lake Kabetogama. Wolf V009 of the Ash River Pack was present at this kill 
site for at least 6 hr (6-hr fix interval) and appeared to be alone. The dead beaver was 
from the same lodge as the beaver found at Beaver Kill Site #16.  
 This kill site was 4.9 m from an active feeding canal that was about 30–35 m 
long, 1 m wide, and about 1 m deep. Depressed vegetation from the shore of the canal to 
the consumption site suggests the wolf attacked the beaver in the water and then 
consumed it away from the canal. I only found a few small tufts of beaver fur, stomach 
contents, a few bone fragments, and 2 castor glands. I did not find any fresh cuttings or 
other beaver activity at the kill site. Thus, there is no reason to believe the beaver was on 
	 	 	61	
shore when attacked. The beaver was likely pulled out of the water about half way down 
the feeding canal. There was no evidence (depressed vegetation or tracks) on the 
shoreline to suggest the wolf attempted to pull the beaver out of the canal at any other 
spot.  
 Thus, I think the beaver was heading toward the feeding trail at the end of the 
feeding canal and wolf V009 was waiting in the tall grass on the canal edge. Wolf V009 
then attacked and killed the beaver. The depressed and trampled grass at the kill site 
made it easy to identify. However, very little of the beaver was left.  
Beaver Kill Site #16 (UTM 505770, 5360683) 
Kill Site Type: Feeding Canal 
On 13 October 2015, I documented a kill site on the north shore of the east fork of 
Daley Bay.  The kill occurred near Beaver Kill Site #15 and the beaver killed at this kill 
site (#16) belonged to the same lodge as the beaver at Beaver Kill Site #15. Wolf V009 of 
the Ash River pack spent at least 30 hr (6-hr fix interval) at this kill site. I believe 
multiple wolves were present because I found several scats, and consumption sites within 
50 m of the kill site.  
The beaver appeared to have been pulled out of a wide feeding canal, dragged on 
shore, and consumed 2.6 m from water. The canal was not a narrow, long canal like at 
Beaver Kill Site #15 but rather was short and funnel shaped as the mouth of the canal was 
quite wide but then narrowed to about 1 m when it met the shore. Given the shape of the 
canal and angle of the shoreline, the canal was likely >1 m in most places.  
The beaver was attacked 3 m from the end of the canal. Wolf V009 or another 
wolf it was with were likely waiting on the canal edge and attacked the beaver as it was 
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heading for the feeding trail at the end of the canal. The beavers had been especially 
active at this feeding trail and had likely cut more than half of the trees that were <30 m 
from shore.  
I left this kill site at dusk and howled to elicit a wolf response. Within seconds the 
entire Ash River Pack (4 adults, 2 pups) howled back to the northeast of the kill site. The 
2 pups in the pack could be heard clearly, and I estimated that the wolves were no farther 
300 m away.  
Wolf V009 first arrived in the vicinity of the kill site on 11 October 2015 and the 
last location at the kill site was on 12 October 2015 at 9:30. I do not know then if it was 
simply coincidental that the entire pack was near this kill site at this time or if some pack 
members remained in the area for up to 48 hr following the kill.  
Beaver Kill Site #17 (UTM 509974, 5361135) 
Kill Site Type: Feeding Trail 
 On 26 October 2015 I documented a kill site at a pond about 1 km due west of the 
Helipad Road. Wolf V009 of the Ash River Pack was present at this kill site for at least 
12 hr (6-hr fix interval). The kill was hard to find as the few remains present were 
inconspicuous. I was only able to identify a few tufts of beaver fur, stomach contents and 
both castor glands. However, only the few small pieces of the stomach contents were 
present at the actual kill site.  
 The week preceding this kill site was generally cold, and the ground and leaf litter 
were frozen as a result. Thus, the evidence of a struggle or of the handling of the beaver 
that is usually apparent from disturbed leaf litter or vegetation was mostly missing. 
Nonetheless, upon searching the area I found some small pieces of stomach contents in a 
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‘bread crumb’ like trail back to the pond and were able to determine that the kill occurred 
1 m off of a feeding trail and 5.1 m from the water. Some depressed vegetation was 
present at the kill site but it would not have been obvious without following the remains 
back to the location of the kill.  
 I determined that there were 2 wolves present at this kill based on the fact that I 
found 2 separate trails of beaver remains going in different directions from the kill site. It 
appeared as though 1 wolf dragged part of the beaver 20 m south –leaving a trail of 
stomach contents– to a consumption site. The other wolf dragged the rest of the beaver in 
an east-southeast direction about 25 m (leaving tufts of beaver fur caught in the 
vegetation) to a consumption site. I found 3 wolf scats in the vicinity of the kill. I did find 
a few wolf beds next to active beaver trails around this pond about 30–50 m from the kill 
site. However, I do not know whether the wolves waited for the beaver to come ashore or 
not. 
Beaver Kill Site #18 (UTM 507510, 5367693) 
Kill Site Type: At Dam 
 On 26 October 2015, I documented a kill site where wolf V045 of the Shoepack 
Lake Pack killed a kit beaver approximately 200–300 m north-northeast of the Shoepack 
Beach Campsite, Lake Kabetogama. Wolf V045 was present at this kill site for 7.7 hr 
(20-min fix interval). The kill occurred on a small point that jutted out into a pond about 
1 m away from the beaver dam. Based on the GPS data, wolf V045 was present at the kill 
site on the small point for at least 1.3 hr and then moved 50 m away and bedded down for 
at least 6.3 hr. A scat was present at both the kill site and also where the wolf bedded 
down nearby. The scat at the kill site was full of beaver stomach contents but very little 
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beaver hair. The small size of the kit might have led to the wolf consuming a significant 
amount of the stomach contents which were then defecated. All beaver remains found 
were located on the point. Wolf V045 appeared to be alone at the kill site. The only 
remains identified were a small pile of stomach contents and 2 small incisors indicating 
this was a beaver kit.  
 The depressed vegetation on the point suggested the beaver was in the water when 
wolf V045 attacked it. The beaver was then killed and consumed 1 m from the water on 
the point. Based on the evidence, there are 3 different ways this kill could have occurred: 
1) the wolf waited on the point and a beaver swam right next to shore and the wolf 
grabbed it without going in the water, 2) the beaver was out in the pond a few meters 
from shore, the wolf waited until it was close enough and then leaped into the pond and 
caught it, or 3) the wolf was swimming in the water, caught the beaver, and then dragged 
it up onto the point.  
Beaver Kill Site #19 (UTM 508825, 5350058 
Kill Site Type: Feeding Trail 
 On 30 October 2015, I documented a kill site from the Sheep Ranch Pack at a 
pond approximately 1 km north of the northwest corner of the Sheep Ranch. Wolf V026 
was present at the kill site but I think that the wolf was with several other wolves based 
on the number of beds at the kill site. The beaver pond had several long narrow channels 
to access feeding trails on the shore. The kill occurred on a feeding trail only 8.6 m from 
the water. Based on the depressed vegetation, the beaver was probably on land when 
attacked and killed based on the depressed vegetation.  
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 Most of the remains present at the kill site were tufts of beaver fur on the ground. 
However, beaver fur was also caught in briars and other small shrubs. The lack of 
remains was likely due to the fact that multiple wolves were present. I found 3 wolf scats 
nearby. It appeared the beaver was coming from the feeding canal to the feeding trail. 
Once it was on shore, the wolves attacked, and consumed the beaver.  
Wolf V026 was present at the kill site for at least 7.7 hr (20-min fix interval). 
Based on the GPS data it appeared as though the wolf spent 1–1.7 hr near the pond close 
to the kill. If I assume that the kill occurred when the wolf was at the exact location of the 
kill site then I can say that the wolf was at this beaver pond 40 min prior to making or 
helping make the kill. However, I do not know when the kill occurred and since there 
were other wolves present I do not know if wolf V026 or other pack members made the 
kill.  Wolf V026 then moved 30 m east of the kill site and bedded down for several hr on 
a small ridge. Other wolf beds were present on the ridge and I think that several wolves 
bedded down in this area after the kill. 
Beaver Kill Site #20 (UTM 515020, 5366546) 
Kill Site Type: Feeding Trail 
 On 4 November 2015, I documented a kill site on the north shore of Kohler Bay, 
Lake Kabetogama. Wolf V045 of the Shoepack Lake Pack was present in the vicinity of 
the kill site for at least 25.7 hr (20-min fix interval). The kill site was on a feeding trail 
23.1 m from the water. The beavers had been very active in this area and near the kill site 
there were several freshly-cut aspens.  
 I found this kill site easily as only 85% of the beaver had been consumed. I found 
the skull and lower mandible as well as the entire vertebral column with the bones of the 
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back legs still attached. Wolf V045 was likely alone at this kill site as all beaver remains 
were at GPS-collar locations. Wolf V045 was initially at the kill site for at least 1.3 hr 
before it left for a few hours then returned and stayed for at least 24.3 hr more. The 
beaver was an adult based on skull size and could have weighed 18–22 kg. Therefore, it 
would have been a significant amount of food for a single wolf, which likely explains 
why the wolf was in the vicinity of the kill site for so long.  
I know when this wolf arrived at the kill site but I do not know when it made the 
kill. All of the initial locations were <10 m apart but it is unknown whether that was the 
result of the wolf waiting at the kill site. I would expect the same cluster pattern from a 
wolf that waited and then made a kill, and from a wolf that immediately made a kill and 
consumed the beaver at that location.  
Beaver Kill Site #21 (UTM 507733, 5364461) 
Kill Site Type: Feeding Trail 
 On 4 November 2015, I documented a kill site at the same pond complex as 
Beaver Kill Site #9 and #14. Wolf V009 of the Ash River Pack was present at this kill 
site for at least 6 hr (6-hr fix interval). Throughout the ice-free season Wolf V009 
frequently visited and spent a significant amount of time around this pond complex 
(V009 killed 3 beavers, 1 fawn and 1 great blue heron chick in this area).   
Wolf V009 was not alone at this kill site. I found bone fragments in a few areas 
about 20 m from the kill site in the woods which suggests that other wolves were present.  
I also found several wolf beds near the kill site. One wolf scat was found approximately 
30 m from the kill site.  
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 The kill occurred on a feeding trail 12.8 m from the water. The beavers had been 
clearing many large aspens in the area near the kill site. I am not sure how the wolf or 
wolves hunted this beaver, and GPS data do not provide clarification. At the kill site I 
found stomach contents and tufts of beaver fur strewn across the vegetation. Some small 
bones and bone fragments were found at the kill site as well.  
Beaver Kill Site #22 (UTM 534251, 5363143) 
Kill Site Type: Feeding Trail 
 On 6 November 2015, I documented a kill site on the south shore of a beaver 
pond just north of O’Leary Lake. Wolf V033 of the Moose River Pack was present at this 
kill site for at least 5.3 hr (20-min fix interval). I found the kill site 13.4 m from the water 
on an active feeding trail. The kill was relatively fresh and I found wet blood on the leaf 
litter and vegetation at the kill site. The beaver appeared to have been attacked about 8 m 
from the pond but then dragged farther inland to where it was consumed.  
 I think that the entire Moose River Pack (8 adults, 3–4 pups) was present at this 
kill site. In the fall this pack appeared to be moving around its territory nomadically and 
almost every cluster I visited had several beds and scats present. Moreover, for most of 
the fall I had 2 GPS-collared wolves in this pack and they were almost always in the 
same location at the same time. I visited the clusters prior to, and after this kill and found 
numerous wolf beds and wolf scats at both.  
 At the kill site I found strewn stomach contents, a few tufts of beaver fur, and 
some small bone fragments. I searched the area and found several wolf beds 25-75 m 
from the kill site with beaver fur, beaver blood, stomach contents or bone fragments in 
them. Similarly I found the skull and lower mandible 180 m from the kill site in an area 
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where a few wolves appeared to have bedded down. Whether the wolves were searching 
for or waiting for this beaver is unknown. Wolf V033 was at the kill site for several hr 
but I do not know if the wolves had made the kill yet or if they were waiting to make the 
kill. In the vicinity of the kill site I documented several wolf beds next to beaver feeding 
trails but I cannot say whether this was from wolves waiting for a beaver to come ashore, 




















EVIDENCE AND DESCRIPTION OF A FAILED HUNTING ATTEMPT 
On 19 June 2015, I examined a cluster of 2 locations (4-hr fix interval) from Wolf 
V009. The locations were 10–15 m apart and below the same active beaver dam where 
Beaver Kill Site #9 occurred.  I found a wolf bed about 20 m below the active dam next 
to a small channel (1 m wide and 1-1.5 m deep) that went from the active dam to an 
inactive pond about 50 m east. On the edge of the channel there was a large swath of 
trampled grass that began 10 m below the active dam and ended at a 1 m long beaver trail 
used to cross over the active dam. Much of the grass had been bent over into the channel 
as if an animal was trying to reach an object in the channel. I found wolf hairs throughout 
the depressed grass. In the mud of the beaver trail that crossed over the dam, I found 
fresh beaver tracks and a set of fresh wolf tracks pointing towards the active pond.  I 
found no evidence of a beaver kill common to most other confirmed sites, such as hair, 
blood, stomach contents, or castor glands. 
 Based on this evidence, I believe this was a failed beaver-hunting attempt by Wolf 
V009. I think that Wolf V009 was bedded below this active dam, located a beaver in the 
small channel, and attempted to pull it out of the channel (hence the depressed and 
trampled grass). I speculate that the beaver was attempting to get back to the active pond 
by swimming below the surface in the channel as the wolf was attempting to capture the 
beaver in the water. The beaver was likely able to cross over the 1-m beaver trail into the 
pond just before the wolf could capture it (hence the set of wolf tracks pointing towards 
the active pond). I documented several instances where wolves had successfully pulled 
beavers out of small waterways, feeding canals, and small channels below active beaver 
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dams. Indeed, a wolf likely dragged a beaver out of the same small channel at Beaver Kill 
Site #9 (which occurred at the same location of this observation). Thus, this hunting 
strategy is effective at times. However, based on this observation, the water provides a 
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